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Note on the determination of the magnetoresistance tensor of a crystal
having the symmetry Oh or O
Abstract
In order to get some information about the band structure of conduction electrons or holes it is often
desirable to measure the magnetoresistance effect. This note describes a practical method for the
determination of the three components of the magnetoresistance tensor for crystals having the point group
symmetry Oh or 0 . The methods, which depend upon equations (IIIa), (IIIb) or (IIc) in this note, are most
convenient for crystals having a cleavage plane (100), (110) or (111) . In this case, all the tensor components
can be obtained by means of a single experimental run.
Disciplines
Physics
This report is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/ameslab_isreports/19
Iowo.. 
S t)S 
AL 
RDR 
rs-
~7 
NOTE ON THE DETERMINATION OF THE 
MAGNETORESIST ANCE TENSOR OF A 
CRYSTAL HAVING THE SYMMETRY 
Oh OR 0 
by 
UNCLASSIFIED 
/ 
IS-6 7 
Physics and Mathematics (UC-34) 
TID-4500, August l, 1959 
UNITED STATES ATOMIC ENERGY COMMISSION 
Research and Development Report 
NOTE ON THE DETERMINATION OF THE 
MAGNETORESIST ANCE TENSOR OF A 
CRYSTAL HAVING THE SYMMETRY 
Oh OR 0 
by 
T oshihiro Okad a 
January 19 60 
Ames Laboratory 
at 
Iow a State Unive rsity of Science and Technology 
F. H. Spedd ing , Director 
Contract W-7405 eng-82 
UNCLASSIFIED 
2 IS-67 
This report is distributed according to the category Physics and 
Mathematics (UC-34) as listed in TID-4500, August 1, 1959 . 
Legal Notice 
This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any 
person acting on behalf of the Commission: 
A . Makes any warranty of representation, express or implied, 
with respect to the accuracy, completeness , or usefulness 
of the information contained in this report , or that the use 
of any information, apparatus , method, or process disclosed 
in this report may not infringe privately owned rights ; or 
B . Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
method, or process d i sclosed in this report . 
As used in the above , ''person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee 
of such contractor , to the extent that such employee or contractor 
of the Commission, or employee of such contractor prepares, dis-
seminates, or provides access to, any information pursuant to his 
employment or contract with the Commission, or his employment with 
such contractor . 
Printed in USA. Price $ 0 . 50 Available from the 
Office of Technical Services 
U . S . Department of Commerce 
Washington 25, D . C . 
3 
IS-67 
CONTENTS 
Page 
Introduction . . . . . . ... .. . o • • ••• • • 0 • • • • • • • • • • •••••••• • •• • • 0 • • 5 
General Expression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
(a) Crystal having a cleavage plane (100) . .......... . ..... 8 
(b) Crystal having a cleavage plane ( 110) . . . . . . . . . . . . . . . . . 12 
(c) Crystal having a cleavage plane (111) . .. o . • .. . . .• . o. .. 14 
References ·· · · · · · · · ·· ·· · · · ···· ··· · · ·· ·· · · ··· ·o ••····· · · · · 16 

IS-67 5 
NOTE ON THE DETERMINATION OF THE MAGNETORESISTANCE 
TENSOR OF A CRYSTAL HAVING THE SYMMETRY Oh OR 0 
by 
Toshihiro Okada 
l . INTRODUCTION 
In order to get some information about the band structure of conduction 
electrons or holes it is often desirable to measure the magnetoresistance 
effect. This note describes a practical method for the determination of the 
three components of the magnetoresistance tensor for crystals having the 
point group symmetry Oh or 0 . The methods, which depend upon equations 
(Ilia), (IIIb) or (lie) in this note, are most convenient for crystals having a 
cleavage plane (100), 010) or (111) . In this case, all the tensor components 
can be obtained by means of a single experimental run. 
2 . GENERAL EXPRESSION 
According to the thermodynamics of irreversible processes the 
galvanomagnetic effects of a single crystal are expressed by the follO\wj ng 
( 1- 3) 
tensor equation : 
* 
- c -E. = p .. (H) I. + c, . . k I. Rk (H), 
1 lJ J lJ J 
t,_ "k = 0 , if i = j or k , or j = k . 
lJ 
€.132 = l. 
( 1 )* 
6 
where E. and I. represent, respectively, the components of an electric field 
1 J 
applied to the crystal and the components of a current flowing through the 
crystal. The resistivity tensor p .. (H) is an even function of the magnetic 
lJ 
Hand is equal to p ji (H) because of On sager's recipro.cal relation. ~ (H) 
is the Hall vector, which is an odd function of H. 
If the magnetic field is weak p .. (H) and Rk (H) can be expanded in a 
lJ 
power series about the point of zero field as follows: 
where 
p .. (H) = p .. + p.. H H + . . . ....... , lJ lJ lJmn m n 
R_ (H) = R_ H + Rk H H H + 
- -k - l<m m mno m n o 
p .. 
lJ 
R =R =R kmno knmo komn = e o o o o o o o o o 
•• 0 0 • • •• ' 
In this note we shall consider only the method for determining p .. lJmn 
and the method for determining Rk will not be described here. 
mno 
(2) 
( 3) 
In the case of the crystals Oh or 0, there is only one non-vanishing 
constant for pij~ three for pijmn and one for ~m' as shown in the following 
7 
two dimensional representations: 
l :11 0 0 ' r:ll 0 0 p .. = Pu 0 j ~m= Rll 0 1J 
0 0 Rll 0 Pu 
Puu P1122 P1122 0 0 0 l P1122 Puu P1122 0 0 0 
pll22 P1122 Puu 0 0 0 
pijmn = ( 4) 
0 0 0 P2323 0 0 
0 0 0 0 P2323 0 
0 0 0 0 0 P2323 
-If the direction cosines of the current I are expressed by (13 1 , 132' 133), 
the resistivity is calculated by( 2 ), ( 4) 
. - - 2 -p (H) = ~ p .. (H) l3. + 2.~. p .. (H) l3 . l3. 
1 11 1 1>J 1J 1 J 
(5) 
For a weak magnetic field whose direction cosines are (a 1 , a 2 , a 3), we have 
. 2 2 2 
p(H)=pll+H [pll22+(pllll-pll22)~ai 13i + 4 p2323i~ aialil3j], (6 ) 
by combining (5) and (4). 
8 
We shall consider the following three cases. In each case the current 
flows along one of the cleavage planes. 
Case I. The magnetic field is applied in the plane perpendicular to the 
direction of the current (see Fig. 1). 
Case II. The magnetic field is applied in the plane defined by the direction 
of the current and by the normal of one of the cleavage planes (see Fig . 2). 
Case III. The direction of the magnetic field lies in a cleavage plane (see Fig . 3) . 
Table I gives the values of ~a.j3., ~a.>..., ~j3.>... and in each case, the 
1 1 1 1 1 1 
resistance change caused by the magnetic field. >... are the direction cosines 
1 
of the normal Z of a cleavage plane. As seen fvom Table I, the main problem 
2 2 is to calculate the values of ~a. j3 .. 
1 1 
3. RESULTS 
(a) Crystal having a cleavage plane (rOO). 
-If we denote the angle between [ 100] and the direction of I by <P, we have 
the following formulas: 
= 
Puu + 3P1122- 2 P2323 
4 
(for Case I) . .... . (Ia) 
(for Case I, if e1 = rr/4)...... (Ia') 
9 
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(for Case II) ............ (IIa) 
- r sin 4<1> I 4 . ( rll ll - r u z z - z r z 3 z 3) l sin z e 3 
(for Case III) ............ (Ilia) 
Pull+ Pllzz Puu- Puzz + Pz323 
= 2 + -----2----- cos z e 3 
Puu-Puzz -p 
2323 
2 
(for Case III, if<j> =rr/8) .... (Ilia') 
(Ilia') is one of the most convenient equations for determining the tensor 
Puu +ruzz 
components, because we can obtain the values of ------
2 
Pull- Puzz ± 
z Pz323 
2 
(from which we can derive p 1111 • pllZZ and P2323 
very easily) when p(H) - P ll 
Hz 
is measured as a function of 9 3 . This 
12 
equation has been used by the author(S) for determing the magnetoresistance 
tensor of SnTe. Neither (Ia) nor (IIa) is convenient for this purpose, since ' 
in both cases the coefficient of sin 2 9 is zero and hence we obtain only two 
independent equations involving our three unknowns p 1111 , p 1122 , and P2323 . 
(b) Crystal having a cleavage plane [ 110]. 
If we denote the angle between the normal of a cleavage plane and the 
direction of H by 9 1 or 9 2 in Cases I or II respectively and the angle 
between the current direction and the direction of H by 9 3 in Case III, the 
following expressions are obtained: 
2 2 } + 1 12 · cos <1> cos e 1 • (for Case I) .......... {Ib) 
2 
- P2323) cos e 1, 
(for Case I, if <1> = 0) . .......... {Ib') 
= Puz2· {for Case I, if <1> = TTI2) ••....•... (Ib") 
I 2 2 } + 1 2 · cos <1> cos e 2 
(for Case II) ......... (lib) 
13 
(for Case II, if <j> = 0) .... (lib'} 
(for Case II, if <j> = rr/2) ...... (lib"} 
+ [3/16. (1 +cos 4<1>)- 1/8. cos 2<1>] cos 2 93 
+ [-3/16 · sin4<j> + 1/8 ·sin 2<1>] sin2 9 3 } 
2 
+ 2 r 2323 cos 9 3 , 
(for Case III) ............ (Illb} 
11 P1111- 3 Pu22+ 2 P2323 Puu-P1122- 2 P2323 
= +----------8 8 
+ p 2323 cos 2 9 3 , 
(for Case III, if <j> =rr/4) ... (IIIb') 
Equation (IIIb') is most convenient in practice, since again we can obtain 
three expressions involving our three unknowns p 1111 , r 1122 , and p2323 , but 
no one has used this equation as far as the writer knows. 
14 
(c) Crystal having a cleavage plane (lll). 
If the direction cosines of the current are denoted by [3.(i = l, 2, 3), 
1 
those of the magnetic field are expressed by the following equations: 
(for Case I)>:< 
>!< The sign should be selected to satisfy the two equations 2: a.f3. = 0 and 
1 1 
2:a. A.. =cos e 1 . 1 1 
l 
= 
.f3 (for Case II) 
where e l or e 2 is the angle between the normal of a cleavage plane and the 
direction of the magnetic field. For Case III, it is unnecessary to get the 
values of a. as we can calculate the value of 2:a~f3~ in the following way. 1 1 1 
From the product of the two equations 2: a. a. = - l/2 and 2:P. J'-. = - 1/2, 
i>j 1 J :i>(1~-'J 
which are derived from the relation 2:a. = 0 and 2:[3 . = 0, have 
1 1 
2 2 
= L:a .. a.l3.l3 . + 1/2- L:a .. 13. 
i>j 1 J 1 J i 1 1 
On the other hand, from L:a . 13. = cos e 3 , we get 1 1 
2 2 2 L:a.a.l3.13. = -1/2. L:a. 13- + 1/2. cos e3. 
1 J 1 J 1 1 
By comparing the equations (7) and (8), we obtain 
2 2 2 L: a. 13- = 1/6 + 1/3. cos e 3" 
1 1 
Hence, we have 
(1/4+ 1/12 · cos 2 e 1 + 1/3 · L: ( ±) '-./2/3 - 13~ 13i sin 2 e 1) 
15 
(7) 
(8) 
(for Case I) ................. (Ic) 
5Pllll + 7 Pll22 + 2 P2323 
= + 
12 
-pllll + Puzz- 10 P2323 
cos 2 e 2 12 
(for Case II) ............... (lie)* 
>!< To get Eq. (lie), the relations L:13{ = 1/2 a nd L:l3~ = 313113 2 13 3 are used. 
16 
(for Case III) •...... . .... (IIIc) 
The equation (lie) shall be used for the measurement of the tensor 
components of Mg2Ge in the near future. 
In conclusion, the methods followed by Eqs. (Ilia), (Illb) and (lie) seem 
convenient for the practical measurement of the magnetoresistance tensor. 
T~e author wishes to express his sincere thanks to Prof. G. C. Danielson 
for his interest in this research and his kind encouragement throughout this 
work. 
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